WHAT IS CLAIMED IS: 


1 A device for performing sound field hearing testing, said device comprising: 

2 Y) an audio transducer for producing acoustic test stimuli to a test subject within 

3 the direct somid field range of said audio transducer, and 

4 b) k contactless position sensor system for measuring the position of said device 

5 with respect to theJiead or part thereof of interest of said test subject, 

6 whereby ntearing evaluation of said test subject, when properly positioned relative 

7 to said device, may be performed by said device based on said acoustic test stimuli. 

1 2. The device oV claim 1, including means for automatically determining or 

2 adjusting characteristics of said d^iistictest stimuli, including onset, amplitude and firequency 

3 characteristics, in response to positibn measurements performed by said position sensor system, 

1 3. The device of claim 1, ^erein said device is constructed and adapted to be 

2 hand held by said test subject, 

1 4. The device of claim l,wherein s^d device is configured as a wrist watch. 

/ 

1 5. The device of claim 1, wherein said de^ce is configured for operation by a test 

2 operator assisting said test subject. / 
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1 6. The device of claim 1, including means for performing said hearing evaluation 

2 in an unaMed condition in which sai^6st subject is not wearing a hearing aid. 

1 1, \ The device of claim 1, including means for performing said hearing evaluation 

2 in an aided condition in which said tqsfsubject is wearing a hearing aid. 

1 8. Theuevice of claim 7, including means for performing said hearing evaluation 

2 in said aided conditioii\to verify fiincllonality of said hearing aid worn by said test subject. 

1 9. The device of claim 7, including means for performing said hearing evaluation 

2 in said aided condition to adjust at l^^one parameter of said hearing aid. 

1 10. The device of claina 1, ^ther comprising means for delivering at least one of 

2 said acoustic test stimuli within the Wft level listening range of normal hearing individuals. 

1 11. The device of claim 10, wPterein said soft level listening range is between 20 and 

2 40dBHL. /\ 

1 12. The device of claim 1, further comprising means for delivering at least one of 

2 said acoustic test stimuli within the ^mfortabl\ level listening range of normal hearing 
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3 individuals. 

1 13\ The device of claim 12, wherein said comfortable level listening range is 

2 between 45 hid 65 dB HL. 


1 14. Tke device of claim 1, wherein said contactless position sensor system 

2 comprises at least \ne of an optical trm^ucer, acoustic transducer and ultrasonic transducer. 


1 15. The dewce of claim 1, wherein said contactless position sensor system 

g 2 comprises means for automatically comjiuting the distance between said device and the head 
!^ 3 or part thereof of interest o£\said test subject. 


16. The device of cllMn l^^h^ein said contactless position sensor system 
comprises means for automatically determining if the device is within an operable range and 
orientation with respect to the head oii part thereof of interest of said test subject. 


1 17. The device of claim 1, wherein said contactless position sensor system 

2 comprises a transmitting transducer and/^ebeiving transducer. 


1 18. The device of claim 17,^hereqi said contactless position sensor system 

2 comprises means for computing the distance bet\^^en the device and the head or said part 
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3 thereof of interest of said test subject based on the latency period between a transmitted signal 

4 emitted by said \ transmitting transducer and reflected signal received by said receiving 

5 transducer, \ 

1 19. The device of claim 17, wherein said transmitting transducer and receiving 

2 transducer are combined in a unitary bidirectional transducer. 

1 20. The device of claim 1, further comprising means to select from at least two 

2 types of acoustic test stimu\includin^/^eech, noise and tone types. 

1 21 . The device of claim 1, further comprising means to select acoustic test stimuli 

2 in at least two frequency ranges. \ / 

1 22. The device of claim 1, mrther comprising at least one switch for selection of at 

2 least one acoustic test stimulus. / \ 

1 23. The device of claim 1, fiirther comprising interface means for connecting a 

2 remote instrument to said device for rj^otely operating said device. 

1 24. The device of claim 23, wherein said Wiote instrument comprises a computer. 


ATTORNEYCOCKET.ISM/OO? 


-27- 


1 25. The device of claim 23, wherein said interface means comprise an electrical 

2 cable. \ ^^^^^.^ 

1 26. The devrce of claim 23, wherein said interface means comprise the Internet. 

1 27. The device of claim 23, wherein said interface means comprise a wireless link 

2 including any of infrared, racUo frequ^y,"^ectromagnetic, sound, or ultrasound. 

1 28. The device of cWm 23, further comprising response registration means for 

2 registering test responses by said TCS^^bject and relaying said test responses to said remote 

3 instrument. \ 

1 29. The device of claim 28, wh^in said response registration means comprise at 

2 least one key. 

1 30. The device of claim 1, further comprising visual status display means, including 

2 liquid crystal display (LCD) and light^eimtting diode (LED). 

1 31. The device of claim 1, further comprising a controller. 

1 32. The device of claim 1, further comprising memory for storage of data 
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2 representative of acoustic test stimuli. 

1 33. The device of claim 1, further comprising a microphone. 

1 34 . The device of claim 33, wherein said microphone provides means for measuring 

2 ambient background n©ise, for self te^img, or for self calibration of said device. 

1 35. The device of claim 7, further comprising wireless remote control means for 

2 controlling or adusting at l^st one j^armneter of said hearing aid worn by said test subject. 

1 36. The device of cMm 35, wherein said wireless remote control means comprise 

2 a magnet. \ 

1 3j/ A hand held device mm* performing sound field hearing evaluation in a 

2 contactless manner with respect to a testVar of a test subject, said device comprising: 

3 a) an audio transducer for delivering acoustic test stimuli to said test subject 

4 holding said device within the direct sound field range of said audio transducer, ^ 

5 b) means for selecting delivery of said acoustic test stimuli through said audio 

6 transducer at two or more intensity levels for perforaning one or more supra-threshold hearing 

7 measurements, and \ 

8 c) means for selecting delivery of said acoustic test stimuli through said audio 
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9 transducer m at least two frequency ranges for performing hearing evaluation in at least two 

1 0 frequency rar^es. 

1 38. llae hand held device of claim 37, wherein said device is configured for 

2 operation by said test subject. 


1 39. The hai^d held device of claim 37, wherein said device is configured for 

2 operation by a test operator assisting said test subject^ 


2 

:i 1 

ttSa 2 

S 2 
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40. The hand held qevice of claim 37, including means for perfonning said hearing 

evaluation in an unaided condition in which s^^est subject is not wearing a hearing aid. 

\ 
\ 

41. The hand held device V claim 37, including means for performing said hearing 
evaluation in an aided condition in whicl^aid test^subject is wearing a hearing aid. 

\ 

42. The hand held device of claim including means for performing said hearing 
evaluation in said aided condition to verify fiinct^priality of said hearing aid worn by said test 
subject. 


1 43. The hand held device of claim 41, including means for performing said hearing 

2 evaluation in said aided condition to adjust at le^ one parameter of said hearing aid. 
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1 44. The hand held device of claim 37, further comprising means for delivering at 

2 least one of said Moustic test stimuli withinjh^soft level listening range of normal hearing 

3 individuals. \ 

1 45. The hanayheld device of claim 44, wherein said soft level listening range is 

2 between 20 and 40 dB Hl\ ^^^^ 

1 46. The hand held oevice of claim 37, further comprising means for delivering at 

2 least one of said acoustic test stimuli within thecpmfortable level listening range of normal 

3 hearing individuals. \ 

1 47. The hand-held device of cMm 46, wherein said comfortable level listening range 

2 is between 45 and 65 dB HL. \ ^^/^ 

1 48. The hand held device of claim further comprising a contactless position 

2 sensor system for measuring the position of said ^^ce with respect to the head or part thereof 

3 of interest of said test subject. \ 

1 49. The hand held device of claim 48, further including means for automatically 

2 adjusting the characteristics of said acoustic t^s^^stimuli, u^uding onset, amplitude and 
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3 frequency, in response to position measurements performed by said contactless position sensor 

4 system. \ 

1 50. The hand held device of claim 48, wherein said contactless position sensor 

2 system comprises at least one ultrasonic transduperf 

1 51. The hand-heJd device of claim 48, wherein said contactless position sensor 

2 system comprises means for\automatically determining if the device is within an operable 

3 distance and orientation with reject to said head^orpart thereof of interest of said test subject. 

1 52. The hand held device of claim 48, wherein said contactless position sensor 

2 system comprises means for computing the distanpe'^etween the device and said head or part 

3 thereof of interest of said test subject baW on the latency period between a transmitted signal 

4 emitted by an ultrasonic transmitting transducer and reflected signal received by an ultrasonic 

5 receiving tranducer. \ 

1 53. The hand held device of claim 37,^rther comprising means to select from at 

2 least two types of said acoustic test stimuli includngySpeech, noise and tone types. 

1 54. The hand held device of claim 37, furtHer comprising means to select said 

2 acoustic test stimuli in at least two frequency ranged \ 
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1 'fiS. The hand held device of claim 37, further comprising at least one switch for 

2 selection )^aid acoustic test stimuli. ^^^^^^ 

1 56. Vhe hand held device of claim 37, further comprising interface means for 

2 connecting a rembte instrument for remotely operating said hand held device. 

1 57. The hJmd held device of claim 56, wherein said remote instrument comprises a 

2 computer. 

1 58. The hand helcrdevice of claim 56, wherein said interface means comprise the 

2 Internet. \ ^^^^/^ 

1 59. The hand held device of claim 56, wherein said interface means comprise an 

2 electrical cable. 

1 60. The hand held device of claim S^^herein said inteface means comprises a 

2 wireless link including any of infrared, radio frequency, electromagnetic, sound, or ultrasound. 

1 61. The hand held device of claim 56, further comprising response registration 

2 means for registering test responses by said test subject and relaying said test reponses to said 
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3 remote instrument. 

1 62 A The hand device of claim 61, wherein said response registration means comprise 

2 at least one Rjey. ^^/^ 

1 63. The hand held device of claim 37, further comprising visual status display 

2 means, including m liquid crystal display (LC^y^id light emitting diode (LED). 

1 64. The hanJl held device of claim 37, further comprising a controller. 

1 65. The hand hel^ device of claim 37, further comprising memory for storage of 

2 data representative of acoustic^^^t stimuli. 

1 66. The hand held device\of claim 37, further comprising a microphone. 

1 67 . The hand held device of d^un 6(S/wh^ein said microphone provides means for 

2 measuring ambient background noise, for sel^testi^^ for self calibration of said device. 

1 68. The hand held device of claim 4l\jrther comprising wireless remote control 

2 means for controlling or adusting at least one paramet^of said hearing aid worn by said test 

3 subject. 

ATTORNEYDOCKET.ISM/007 -34" 


1 69. The hand held device of claim 68, wherein said wireless remote control means 

2 comprise ^agnet. 

1 \a system for performing hearing evaluation of a test subject comprising: 

2 a) ayiand held device containing an audio transducer within, said hand held device 

3 being positioned ^thin the direct sound field range of said audio transducer and positioned in 

4 a contactless manner\with respect to a test ear of said test subject, 

5 b) an auxihVy instrument operably connected to said hand held device for remotely 

6 controlling the operation of said hand held device, and 

7 c) means for selecting the delivery of acoustic test stimuli through said audio 

8 transducer at two or more intefisity levels and at two or more fi-equency ranges. 

1 71 . The system of claim 7flL wherein said hand held device is independently operable 

2 as a hearing evaluator when detached^ffiMi said auxiliary instrument. 

1 72. The system of claim 70, wherein said hand held device further comprises a 

2 contactless position sensor system for measuring the position of said hand held device with 

3 respect to the head or part thereof of interest of said test subject. 

1 73. The system of claim 72, including mearts for automatically adjusting the 
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2 characteritics of said acoustic test stimuli, including onset, amplitude and frequency, in response 

3 to position measurements performed by said position sensor system. 

1 74. The system of claim 70, including means for performing said hearing evaluation 

2 in an unaided condition iA which said-fesTsubject is not wearing a hearing aid. 

1 75. The system oVclaim 70Jncluding means for performing said hearing evaluation 

2 in an aided condition in which said test subject is wearing a hearing aid. 

1 76. The system of claim 75, including means for performing said hearing evaluation 

2 in said aided condition to verify fiinctionality of said hearing aid. 

1 77. The system of claim 75,\ncludmg means for performing said hearing evaluation 

2 in said aided condition to adjust at feast one parameter of said hearing aid. 

1 78. The system of claim 70, incmding means for programming the function or 

2 operation of said hand-held device with said au)^liary instrument according to the needs of said 

3 test subject. \ 

1 79. The system of claim 70, wherein sJdd hand held device further comprises 

2 response registration means for registering test responses by said test subject and relaying said 
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3 test reponses to sa id auxiliary instrument 


80. TheWstem of claim 79, wherein said response registration means comprise at 


2 least one key. 


81. The systenj of claim TO^^ierein said auxiliary instrument is a computer. 


1 


82. The system onclaim 70, including means for remotely connecting said auxiliary 


2 instrument to said hand held deyice thi^gh"the Internet. 


83. The system of claim yO, wherein said auxiliary instrument is an audiometer. 


1 84. A method of evaluatinjAa test subject*s hearing with a device containing a 

2 contactless position sensor system and an a^dio transducer, said method comprising the steps 

3 of 

4 a) measuring the position of said siJlaect's head or part thereof of interest relative 

5 to said device with said position sensor system ^^hen said device is oriented to face said 

6 subject's head or part thereof of interest; 

7 b) automatically determining any of the characteristics of acoustic test stimuli from 

8 said audio transducer, including onset, amplitude and frequency thereof, according to the 

9 measurement performed by said position sensor system; and 
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10 c) delivering said acoustic test stimuli to said test subject while said device is 

1 1 oriented toward said subject's head or part thereof of interest. 

1 85. The method of claim 84, including the step of orienting said audio transducer 

2 at approximately 0° degreenncidence,arid^thin a distance range of 30-60cm with respect to 

3 the forehead of said test subject, while performing said step of delivering acoustic test stimuli. 
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86. The method of claim 84, including the step of orienting said audio transducer 
at approximately 0° - 45° degree mcid^nderaige and within a distance range of 2-10 cm with 
respect to a test ear of said test subject while performing said step of delivering acoustic test 
stimuli, for monaural hearing evaluations. 

87. The method of claim 84, including delivering said acoustic test stimuli in an 
unaided condition in which said test siibj^ys ^ot wearing a hearing aid 

88. The method of claim 84, including delivering said acoustic test stimuli in an 
aided condition in which said test subjejst^isCeakng a hearing aid. 


1 
2 


89. The method of claim 88, including delivering said acoustic test stimuli in said 


aided condition to verify the functionality of said hearing aid. 
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1 90 The method of claim 88, including delivering said acoustic test stimuli in said 

2 aided condftion to adjust at least one parameter of said hearing aid. 


1 91. lyie method of claim 84, wherein said device is hand held by said test subject 

2 during said hearing evaluation. 


1 92. The mkhod of claim 84, wherein said device is worn as a wrist watch by said 

2 test subject during said hearing evaluation. 


1 93. The method of claim 84, wherein said device is configured to be held by a test 

2 operator assisting said subject auring said hearing evaluation. 

1 94. The method of claink84, including connecting a remote instrument to said 

2 device via an interface to remotely contkoLsfid device during said hearing evaluation. 


1 95. The method of claim 94, including connecting said remote instrument to said 

2 device via the Internet. 


96. The method of claim 94, wherein sail! remote instrument is a computer. 


97. The method of claim 94, wherein said rembte instrument is an audiometer. 
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2 ^8: A method of hearing evaluation for an individual holding a hand held device 

3 containing an audio transducer for delivering acoustic test stimuli in a contactless manner and 

4 within thee direct sound field range of said audio transducer with respect to a test ear ofsaid. 

5 individual, Wd method comprising the steps of 

6 ajy delivering at least two levels of said acoustic test stimuli to said test ear of the 

7 individual, and\ 

8 b) daivering said acoustic test stimuli in at least two fi-equency ranges. 

1 99. The method of claim 98, including orienting said audio transducer at 

2 approximately 0 ° degreeincidence and^tlun a distance range of 3 0-60cm with respect to the 

3 forehead of said individual 

1 100. The method of\claim 98, including orienting said audio transducer at 

2 approximately 0° - 45*" degree in^enc^^-^e and within a distance range of 2-10 cm with 

3 respect to said test ear, for monaural hearing evaluations. 

1 101. The method of claim 98, induding performing said hearing evaluation in an 

2 unaided condition in which said indivi^ii^is rKrt wearing a hearing aid, 

1 102. The method of claim 98^ including p^orming said hearing evaluation in an 

2 aided condition in which said individual is wearing a hearing aid. 
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1 103. The method of claim 102, including performing said hearing evaluation in said 

2 aided condition to verify the functionality of said hearing aid. 

1 104, Iftie method of claim 102, including performing said hearing evaluation in said 

2 aided condition to^^^st at least one p^ameter of said hearing aid. 

1 105. The metWod of claim 98, in which a test operator holds said device while 

2 assisting said individual in s^ hearing^^^aluation. 

1 106. The method of clmn 98, including connecting a remote instrument to said 

2 device via an interface to remotely comrol said device during said hearing evaluation. 

1 107. The method of claim 106, in^ding connecting said remote instrument to said 

2 device via the Internet. ( \ 

1 108. The method of claim 106^herein sa^emote instrument is a computer. 

1 109. The method of claim 106, wherein said remote instrument is an audiometer. 
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